adult patients for whom postoperative cardiovascular care was directed by either cardiovascular surgeons alone or cardiovascular surgeons in collaboration with acute care nurse practitioners. Outcome measures included length of stay and cost for an episode of care. Findings revealed that when cardiovascular surgeons, in collaboration with acute care nurse practitioners, directed postoperative care, the length of stay decreased 1.91 days and total cost decreased $5,038.91 per patient. (KEYWORDS: acute care nurse practitioner, cardiovascular surgeon, collaborative practice, postoperative outcomes)
Healthcare takes place in an environment of change. The changes occurring in the healthcare environment require healthcare delivery systems to provide high quality care services with increased efficiency and cost effectiveness. In a managed care environment, the challenges to a healthcare system are to maintain quality of care while decreasing the cost associated with that care. Healthcare systems are encouraged to use less expensive care providers for routine medical management responsibilities while maintaining or increasing the quality of care provided to patients. With the changes occurring in the healthcare arena, it is imperative that healthcare agencies redesign care delivery systems into ones that are highly efficient and cost effective. [1] [2] [3] [4] From the Comprehensive Cancer Institute and Huntsville Hospital, Ala (Dr Meyer), and University of Alabama, School of Nursing, Birmingham (Dr Miers).
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AACN Clinical Issues
Accompanying the changes in healthcare delivery modes is the parallel rise in patient acuity levels in healthcare systems. This increase in acuity is due in part to the increasingly aged population and the rising incidence of chronic illnesses continuing to increase in society. 5, 6 One hundredten million Americans have at least one chronic illness such as arthritis, diabetes, or hypertension. 2 Chronic illnesses compound the acuity of patients admitted to healthcare facilities for cardiac services such as cardiovascular surgery.
Cardiovascular disease remains the primary cause of death in the United States. 7 Each year, one third of the Center for Medicare and Medicaid Services Medicare budget is spent on cardiovascular care. 8 Because acute care nurse practitioners (ACNPs) are educated as clinical experts who integrate care across the acute care continuum and are familiar with the healthcare system, they could streamline the care delivery process that would result in minimized length of stay (LOS) and minimized costs. ACNPs practicing in collaboration with physicians is a collegial relationship of decision making for patient management. 9 Results of collaborative practice are synergistic because the contributions of both healthcare professionals are optimized to a level that would not be achievable through independent practice. 10 To date, there has been little research on ACNP collaborative practice to document if ACNP collaborative care affects patient outcomes and whether that care is cost efficient.
Objectives
The purposes of this retrospective, 2-group comparison study were to examine patient and economic outcomes between 2 groups of adult patients for whom postoperative cardiovascular care was directed by either CV surgeons alone or CV surgeons in collaboration with ACNPs. It was hypothesized that patient LOS would decrease when CV surgeons and ACNPs collaboratively directed care. The economic outcome examined was healthcare system total cost. Because LOS was hypothesized to decrease when CV surgeons and ACNPs collaboratively direct care, it was anticipated that the decreased LOS would be reflected in decreased total cost for an episode of care.
Hypotheses
Hypothesis 1 stated that postoperative cardiovascular patients who were cared for by CV surgeons and ACNPs collaboratively would have a shorter postoperative LOS in the hospital, measured in days, than postoperative cardiovascular patients who were cared for by CV surgeons alone.
Hypothesis 2 stated that collaboratively directed care by CV surgeons and ACNPs would result in a lower healthcare system total cost, measured in dollars, compared to total cost when care was directed by CV surgeons alone.
Methods

Definition of Terms
ACUTE CARE NURSE PRACTITIONERS:
For the purposes of this study, an ACNP was a master'sprepared registered nurse who completed an ACNP program of study in an accredited master's program and was certified as an ACNP. The ACNPs in this study were hired and paid by the healthcare system to collaborate with the CV surgeons in the cardiovascular intensive care unit (CVICU) and the progressive cardiovascular unit (PCV). These ACNPs were employed by a northern Alabama healthcare system and had been working in the CVICU as staff nurses prior to becoming ACNPs. ACNP 1 worked in the CVICU and PCV as a staff nurse for 15 years and as an ACNP for 2 years. ACNP 2 worked in the CVICU and PCV units for 8 years and as an ACNP for 9 months. ACNP 3 worked in the CVICU and PCV as a staff nurse for 11 years and as an ACNP for 9 months. ACNP 4 worked in the CVICU and PCV for 1 year and as an ACNP for 9 months. All 4 of these ACNPs attended the same university for their ACNP program, passed the ACNP certification exam offered by the American Nursing Credentialing Center, and worked in collaborative practice with the CV surgeons.
CARDIOVASCULAR/THORACIC SURGEONS:
The four CV surgeons in this study were trained and board certified as CV surgeons. Surgeon 1 had been operating at this facility for 20 years, Surgeon 2 and Surgeon 3 had been operating for 11 years each, and Surgeon 4 had been operating for 5 years. They were members of the same medical practice and shared office space and call schedule.
COLLABORATION:
The Balanced Budget Act 11 clarified collaboration as working as a team, frequent consultation, shared ideas and knowledge, and consistent interaction regarding patient needs that results in enhanced patient care and satisfaction. For this study, CV surgeon and ACNP collaborative practice was defined as CV surgeons and ACNPs working together, sharing responsibility for problem solving, 12, 13 and sharing decision making about postoperative cardiovascular patient care. Collaborative care was provided 24 hours a day, 5 days a week; on weekends, collaborative care was 12 hours a day with physicians on-call the other 12 hours each weekend night. Every patient who was discharged with one of the diagnostic-related groups (DRGs) being investigated in this study had collaboratively directed postoperative cardiovascular care. There were no written protocols specific to patient management for the ACNPs in these units, although care maps were utilized at the patient's bedside. The years of 1998 and 2001 were chosen as the years to study. Before November 1998, CV surgeons directed all postoperative care. In November of 1998, the healthcare system hired ACNPs to work collaboratively with CV surgeons. The year 2001 was the year when collaborative practice was well established. The years 1999 and 2000 were used for stabilization of collaborative practice, which was a time for the ACNPs and CV surgeons to orient themselves to the collaborative practice model in patient management. Also, the availability of ACNPs to work in the CVICU and PCV was scarce during the years of stabilization, and availability of coverage for 24-hour days was not possible until the year of study, 2001. 14 Comparisons were made between the same DRGs by definition, not by code number.
POSTOPERATIVE CARDIOVASCULAR CARE
PATIENT OUTCOMES: In this study, the antecedent event was the process of postoperative care and whomever directed that care. The outcome was a measurement that could assess a change in a patient or patient process. Patients were defined as adults over the age of 18 years. The patient outcome for this investigation was LOS; group, number of complications, number of readmissions, number of re-operations, minutes intubated, hours of supplemental oxygen, number of infections, and comorbidity were utilized as contributing factors (covariates) to LOS. It was thought that mortality would contribute to LOS, but it was found to be unrelated so was not utilized as a covariate.
LENGTH OF STAY:
LOS was measured in days from day of surgery to day of discharge from the healthcare system. COMPLICATIONS: Number of complications was the summed total of complications, including prolonged ventilation, pulmonary embolism, postoperative renal failure, vascularaortic dissection, iliac/femoral dissection, AACN Clinical Issues acute limb ischemia, heart block, cardiac arrest, anticoagulant complications, tamponade, gastrointestinal complications, multisystem failure, and atrial fibrillation.
READMISSIONS:
Readmissions included readmissions to the CVICU and to the healthcare facility within 30 days postoperatively.
RE-OPERATIONS:
Re-operations included the total number of re-operations for bleeding problems, valve problems, graft problems, other cardiac problems, or for a noncardiac problem.
MINUTES OF INTUBATION:
Minutes intubated included the total number of minutes the individual was intubated during this surgery and postoperatively.
SUPPLEMENTAL OXYGEN: Hours of supplemental oxygen was calculated in full hours, not fractions of hours, and included all units (hours) of oxygen usage as recorded by the respiratory care department.
INFECTIONS:
Infections was a total number for all infections, which included infected sternum, infected thoracotomy, infected leg incision, septicemia, a urinary tract infection, and pneumonia.
COMORBIDITY: Comorbidity was a sum of several preexisting conditions that an individual had prior to entering the cardiovascular operating room. These factors included a history of hypercholesterolemia; diabetes; renal failure; dialysis; hypertension; cerebrovascular accident or stroke; infectious endocarditis; immunosuppressive therapy; peripheral vascular disease; cerebrovascular disease; previous cardiovascular intervention including previous bypass, valve, or nonsurgical intervention; myocardial infarction; congestive heart failure; angina, cardiogenic shock; and an arrhythmia that was atrial fibrillation/flutter.
MORTALITY: Mortality information included discharge status and status 30 days after discharge.
ECONOMIC OUTCOMES:
For the purpose of this study, the economic outcome was defined as the healthcare system's total cost for the DRG encounter being investigated per patient as reported by the healthcare system. The total cost included both fixed and variable costs as defined by Finkler. 15 Fixed costs included CVICU bed cost per day and PCV bed cost per day. Variable costs included surgery costs, pharmacy costs, cardiac support costs, anesthesia costs, and other variable costs undefined by the healthcare system. The 1998 costs were adjusted utilizing a cost index to reflect inflation, which allowed for comparison of comparable costs between years.
Study Population and Sample
All cardiovascular postoperative patients at the hospital where this study took place were admitted to the CVICU from the operating room and transferred to the PCV when extubated and stable. The sample included a control group of patients who were cared for by CV surgeons alone during 1998, and a comparison group of patients who were collaboratively cared for by CV surgeons and ACNPs during 2001.
The same group of physicians operated on both groups of patients and managed medical care postoperatively. The difference between the 2 groups was the postoperative care directed by CV surgeons alone and the postoperative care directed collaboratively by CV surgeons and ACNPs. It was assumed that any difference in patient and economic outcomes would be the result of CV surgeon and ACNP collaborative care. The 2 patient groups were described using descriptive statistics to verify between-group similarities. These variables included age, gender, race, weight, height, surgeon, and type of cardiovascular surgery or DRG. Comorbidity was calculated and utilized as the measure of patient preoperative status. The stable environment or structure for this study included: (1) the same group of physicians doing the surgeries for all patients, (2) critical pathways or care maps remained unchanged between the 2 time periods, and (3) hospital administration and the management teams were similar at both times. Also, the staffing plans or skill mixes for the CVICU and the PCV remained relatively unchanged from 1998 to 2001, although staff-to-patient ratios were slightly lower in 2001. In 2001, there were 2 ACNPs staffing both of these units on the day shift, and one ACNP worked nights. One ACNP worked both days on the weekend. The ACNPs obtained medical histories; performed physical assessments and examinations; ordered and interpreted diagnostic studies; diagnosed, treated, and monitored chronic and common acute illnesses; made referrals to other healthcare providers to provide multidisciplinary health services; counseled and taught health promotion and nutrition; prescribed and managed medication therapies; and provided follow-up care. The ACNPs maintained these functions 24 hours a day, 5 days a week. On weekends, the ACNPs performed these functions for 12-hour days on Saturday and Sunday. CV surgeons alone were on-call for patient needs on weekend nights, which were 12-hour shifts.
Inclusion criteria for eligible subjects were: (1) having a cardiovascular surgery of 1 of the 4 DRGs being investigated, (2) being admitted to the CVICU directly from the operating room, (3) having 1 of the 4 usual CV surgeons perform the surgery, (4) having CV surgeon alone directed care in 1998 and CV surgeon and ACNP collaboratively directed care in 2001, and (5) having a complete computerized record for retrieval. Exclusion criteria included: (1) having a cardiovascular surgery other than the 4 DRGs being investigated and (2) having an incomplete computerized record for retrieval.
The outcomes management personnel obtained patient outcome data for use in this study through the healthcare system's computerized records department. Data were collected from sources within the hospital records. All information entered into a medical record by professionals withstands the scrutiny of legal examination in a court of law as the truth and, as such, was considered reliable for this study. Demographics, such as gender, age (in years at time of surgery), race, date of surgery, date of discharge, preoperative risk factors, previous interventions, preoperative cardiac status, preoperative medications, preoperative hemodynamics, type of coronary surgery, number of minutes intubated, number and type of postoperative complications (in hospital), mortality status at discharge and 30 days postoperatively, and readmission status, were gathered from The Society of Thoracic Surgeons Adult Cardiac Surgery Database, which is a national database that interfaces with the healthcare system's computer system. Use of supplemental oxygen was identified as oxygen utilization per hour. This information was obtained from the healthcare facility's respiratory care department. Total cost per patient was examined by total cost to the healthcare system for the episode of hospitalization under investigation. These outcomes were selected because they are measurable and some have been used in other studies and were identified by the healthcare facility's administration as good predictors of quality.
In personal interviews with the CV surgeons and the ACNPs conducted in preliminary stages of this study, discussions of issues such as roles, expectations, and thoughts about collaborative practice in this setting were clarified. The CV surgeons were in total support of the research and believed that results would support the hypotheses. They were already experiencing results of collaborative practice by receiving fewer calls while in the operating room, in their office on clinic days, and after hours when they were home. They believed that patient management was in good hands with the ACNPs. The ACNPs also were in support of this research because they believed a good indicator of their effectiveness in their collaborative role was patient LOS.
Data Collection and Analysis
With IRB approvals in place, data were collected retrospectively from hospital records and confidentiality was maintained using approved practices.
Data analysis included descriptive statistics and exploratory procedures with range, mean, and standard deviation for patient and economic outcomes by group and are displayed in Table 1 . Analysis of covariance (ANCOVA) and t tests were used with a correlation matrix produced to identify covariates. ANCOVA was used to eliminate systematic bias, because random assignment was not possible, and to reduce within group error variance due to individual subject differences. The 5 assumptions for correlation analysis were met. The correlation procedure was performed and the covariates were identified.
Results
Findings revealed that the "typical" CVICU patient for the total sample was a 62-year-old male Caucasian, who weighed 181 pounds and was 5 feet 7 inches tall, and was operated on by Surgeon 1 for discharge code DRG 107. The 1998 and 2001 group demographics as to gender, race, surgeon, and DRG are presented in Table 2 . The "typical" 1998 patient was a 64-year-old Caucasian male, who weighed 177 pounds, was 5 feet 7 inches tall, and was operated on by Surgeon 3 for discharge code DRG 107. The "typical" 2001 patient was a 59-year-old Caucasian male, who weighed 190 pounds, was 5 feet 7 inches tall, and was operated on by Surgeon 1 for discharge DRG 107. Table 3 shows a comparison of typical patients. For comparison of similarities between groups, there was no statistical difference in the 2 groups, despite the variation in group size (1998 = 145; 2001 = 70); they were homogeneous, as evidenced by the Levene statistic using ANCOVA procedures. To assess comorbidity or whether the 2 groups were equally sick as they entered surgery, a 16 which in this study was CV surgeon and ACNP collaborative care.
There were several variables that were found in the literature and supported in clinical practice to have an influence on LOS. These variables included the number of complications, number of readmissions into the CVICU, number of re-operations, minutes intubated, hours of supplemental oxygen, mortalities, and number of infections. These variables were included in a correlation matrix that was utilized to identify whether all of these variables would correlate with LOS. It was found that infections and comorbidity did not correlate with LOS and should not be used as covariates in the ANCOVA analysis. However, comparison of groups needed to include comorbidity because the groups were different on comorbidity. Therefore, comorbidity was used in the final analysis of LOS, but infections was not. All other covariates were found to be linearly related to LOS using a correlation matrix with alpha level at .05, except for comorbidity. The final list of covariates for LOS can be seen in Table 4 and included complications, re-operations, minutes of intubation, hours of supplemental oxygen, readmission to CVICU, group, and comorbidity. For cost, the correlations can be seen in Table 4 and showed that group, LOS, complications, re-operations, minutes of intubation, hours of supplemental oxygen, and CVICU readmission were all related to cost. Comorbidity and infections did not relate, although comorbidity was included in the final analysis.
Findings and Interpretations for Hypothesis 1
LOS was analyzed utilizing the covariates that were identified by the use of the correlation matrix to be significant to LOS at the.05 level and had homogeneity of regression slopes. The covariates included as significant were complications, reoperations, infections, minutes of intubation, hours of supplemental oxygen, group, and comorbidity. The Levene statistic of equality of error variance revealed that the 2 groups were homogeneous (F = .456, P = .5), except for comorbidity with Group 1998 being sicker than Group 2001. Mortality statistics were collected, but since mortality did not correlate with LOS (r = -.093, P = 0.172), it was not utilized as a covariate. Also, CVICU readmissions (r = .127, P = .064) were not significantly correlated with LOS, so were not used as a covariate in the LOS ANCOVA procedures. Group 1998 had a mean LOS of 6.6 days, and Group 2001 had a mean LOS of 4.7 days. So controlling for Group 1998 being sicker than Group 2001, the difference in LOS between groups AACN Clinical Issues was significant (F = 4.3, P = .039) Group 1998 stayed almost 2 full days longer than did Group 2001. So hypothesis 1 was supported, postoperative cardiovascular patients who were cared for by CV surgeons and ACNPs collaboratively had a significantly shorter postoperative LOS in the hospital, measured in days, than postoperative cardiovascular patients who are cared for by CV surgeons alone.
Findings and Interpretations for Hypothesis 2
Healthcare system total cost for the entire sample ranged from $8,788.00 to $51,722.00. Twenty-five percent spent less than $13,658.00, 50% spent less than $15,704.00, and 75% spent less than $19,957.00 for the total hospital stay. It is interesting to note that 24% (n = 52) spent more than $20,000.00, 3% (n = 6) spent more than $30,000.00 and 4% (n = 1) spent more than $50,000.00. Utilizing a cost index, 1998 cost was inflated to make it comparable to 2001 cost. Once the values were transformed, then cost was analyzed utilizing ANCOVA procedures. A correlation matrix was utilized to identify appropriate covariates to include in analysis and those were LOS, complications, reoperations, minutes of intubation, hours on supplemental oxygen, group, and readmission into the CVICU. These variables were then used in ANCOVA procedures as covariates and analysis revealed that despite the groups being similar, cost was significantly different (P = .026) between the 2 groups with Group 1998 having higher cost (M = 21,023.97) than Group 2001 (M = 15,985.06). So hypothesis 2 was supported and collaborative care by CV surgeons and ACNPs resulted in lower healthcare system total cost than when CV surgeons alone directed postoperative care.
It is interesting to note that both groups took the same number of preoperative medications (M = 2). It is also interesting to note that for the total sample there was only one death (< 0.5%), which occurred in Group 1998.
Conclusions
Based on the statistical findings of this study, several conclusions have been drawn. Collaborative postoperative care directed by CV surgeons and ACNPs resulted in significantly decreased patient LOS when compared to CV surgeon alone directed care. It is interesting to note at this point that the healthcare system collected LOS data for "all comers to the CVICU," and LOS did not change during this same study time. The healthcare system included all CV physicians, all NPs, and all CV surgeries in the CVICU, whereas this study looked at the same surgeons, only ACNPs, and only DRGs that corresponded to 1998 DRGs, which indicated that ACNPs in collaboration with these CV surgeons did indeed make a significant impact on LOS in this setting for the specified DRGs. Another interesting point is that the state quality assurance data for the studied DRGs between the two time periods showed that LOS did not significantly change statewide. This too, lends support to the conclusion that the decreased LOS found in this study was, in fact, due to the collaboration model.
Total cost for the episode of care by DRG was significantly reduced per patient when ACNPs and CV surgeons collaboratively directed the care. Within nursing practice, collaborative care is one way to support a positive patient outcome, such as shorter LOS and the resulting positive economic outcome of decreased cost for an episode of cardiovascular surgery. Because LOS decreased by 1.91 days per patient with collaborative care, the total cost savings to the healthcare system for each patient receiving collaborative care was $5,038.91.
The physicians in this study typically operated on a total of 3 patients per day, resulting in 60 patients per month that were admitted into the CVICU. By decreasing LOS by 1.91 days per patient, this resulted in 114.6 fewer days of hospitalization per month and 1,375.2 fewer days of hospitalization per year. Financially, this was a total cost savings of $302,334.60 per month; in a year, that would result in a total cost savings to the healthcare system of $3,628,015.20. The healthcare system paid each of the 4 ACNPs an annual salary of $60,000.00, resulting in annual salaries, not including benefits, of $240,000.00. When salaries are subtracted from the total cost savings, this would potentially result in actual cost savings to the healthcare system of $3,388,015.20 per year.
Results of this study are a useful tool for marketing the ACNP position. This study on collaborative care documented their benefits to patient LOS and cost, and supports the effect of ACNPs and CV surgeon collaborative practice in settings such as the CVICU and PCV. Documentation of the positive effect ACNP collaborative care has on patient and economic outcomes supports current educational programs as preparing effective, efficient providers of care in acute care settings such as postoperative cardiovascular units. There is great potential to replicate similar patient outcomes, such as shorter LOS and cost savings, if ACNPs worked in collaboration with other specialty physicians in other settings. Recently, the results of a 5-year longitudinal study with over 400 ACNPs concluded that the monitoring of outcomes of ACNP practice is a priority for advancing the role. 17 It is by assessing and documenting the outcomes of ACNP practice that the benefits of the advanced practice nursing role in managing patient care can be demonstrated.
Limitations and Implications
Several limitations were identified in the design of this study. Because all data were collected from one institution, generalizations are limited. Some data utilized for this study were collected for other purposes. Because this study was conducted retrospectively, there was no way to verify reported results. Historical events occurred between data collection times, so there may have been factors influencing cost other than inflation that, even utilizing the cost index to correct for these, may not have been identified in the design. If information was entered incorrectly into the computerized medical records that were used for data collection, results may be erroneous, and outcome results attributed to ACNP collaborative practice may, in fact, be due to something outside the study.
With the current circumstance for the healthcare industry, healthcare systems are encouraged to use less expensive care providers for routine medical management responsibilities while maintaining or increasing the quality of care provided to patients. The findings of this research study support CV surgeon and ACNP collaborative practice as one way of maintaining quality patient outcomes as indicated by LOS and cost effectiveness. This has implications for nursing research, nursing practice, and nursing education.
This study supports and expands on findings regarding nurse practitioner practice settings and results of advanced practice nursing care. More specifically, this study provided information on patient and economic outcomes resulting from CV surgeon and ACNP collaborative practice. Collaborative practice in this study resulted in significantly shorter LOS and lower cost for an episode of care, and this supports the literature related to the body of knowledge documenting ACNP collaborative outcomes. It would also seem from these findings that CV surgeons and ACNP collaborative practice had an impact on patient outcomes not only when the patient was in the healthcare setting, but also after the patient was discharged from the hospital, as evidenced by fewer readmissions to the healthcare facility less than 30 days postoperatively.
Regarding nursing practice, CV surgeon and ACNP collaboratively directed postoperative care is one way to support a positive patient outcome such as shorted LOS and the resulting positive economic outcome of decreased cost for an episode of cardiovascular surgery. Because the ACNPs in this study were prepared as clinical experts for the integration of care across the acute care continuum and were familiar with the healthcare system, the ACNPs in collaboration with CV surgeons streamlined the care delivery process that resulted in minimal LOS and minimized costs. These ACNPs were all employees of the healthcare system. Total cost savings by the healthcare system was achieved by utilization of ACNPs for collaborative direction of care for postoperative cardiovascular patients. Because LOS decreased by 1.91 days per patient with collaborative care, the total cost savings to the healthcare system for each patient with collaborative care was $5,038.91. Results of this study are a useful tool for marketing the ACNP position. For physicians involved in this study, collaborative care resulted in positive benefits to their patients in decreased LOS. For ACNPs, this study on collaborative care documented their benefit to patient LOS and cost AACN Clinical Issues and supports the effect of CV surgeon and ACNP collaborative practice in settings such as the CVICU and PCV.
The positive results of this collaboratively directed care model may be useful in planning the educational process of ACNPs. Documentation of the positive effect ACNP collaborative care has on patient and economic outcomes supports current educational programs as preparing effective, efficient directors of care in acute care settings such as postoperative cardiovascular units.
Summary
CV surgeon and ACNP collaborative practice in this study decreased the LOS for specific DRGs and decreased total cost for the episode of care. In a healthcare environment where providing high quality care services with efficiency and cost-effectiveness is so important, this is one practice model that could be adopted to meet those healthcare goals. Future study should include ACNPs in collaborative practice with physicians in specialty practices in other units and other settings to validate the contribution of ACNPs in collaborative practice.
